We have isolated the cDNA of avian Mox2 and analyzed its expression pattern during somitogenesis and limb bud formation. Mox2 plays an important role in limb muscle differentiation in the mouse. Mox2 is expressed in the somites of developing chick embryos and in presumptive migrating myoblasts from the dermomyotome to the limb buds. It is also expressed in the ventral and dorsal part of limb buds and is associated with non-proliferating myoblasts. Signi®cant differences were observed in chick and mouse expression patterns, namely in the chick dermomyotome and limb. q
Results and discussion

Cloning of chick Mox2
We have identi®ed chick Mox2, the homologue of the human and murine Mox2 genes, which belong to a family of non-clustered, homeobox-containing genes (Candia et al., 1992; Grigoriou et al., 1995) that are suggested to play a role in mesoderm differentiation (Candia et al., 1992; Wright, 1995, 1996) . Murine Mox2 is an essential component of the genetic hierarchy controlling limb muscle development (Mankoo et al., 1999) . Chick Mox2 protein contains the characteristic features of mox2 proteins, namely the homeobox and the polyhistidine/polyglutamine stretch. The deduced amino acid sequence of Mox2 showed 94% identity to murine Mox2, 95% to rat and human, and 88% to Xenopus Mox2 (Fig. 1 ).
Expression pattern of chicken Mox2 in the developing embryo and comparison with Pax1 and Pax3
Avian Pax1 and Pax3 expression patterns have been 1 . Alignment of the deduced amino acid sequence of chick Mox2 (Cmox2) and its homologous proteins in mouse (mox2), rat (Gax), human (MOX2) and Xenopus (Xmox2). The alignment was performed using the Pile-up program of the GCG package (Genetics Computer Group, Wisconsin Package Version 10.0, January 1999, copyright GCG Inc.). Amino acid identity is shown by dashes. The polyhistidine/polyglutamine track is underlined and the homeobox is in bold.
described by Ebensperger et al. (1995); Goulding et al. (1994) , respectively. Here, we use them as sclerotome (Pax1) and dermomyotome (Pax3) markers.
The onset of Mox2 expression is observed at the time of formation of the 15th somite (stage 11, Hamburger and Hamilton, 1951) , which is the ®rst somite that contributes to forelimb development (Tickle and Eichele, 1994) . Mox2 is detected in somite stage I (Christ and Ordahl, 1995) (Fig.  2a, arrow) . In epithelial stage II±III somite Mox2 is expressed in the somitocoel, which contributes to sclerotome (Fig. 2d) . As the somite matures, Mox2 is detected in the whole somite (Fig. 2g ) In stage XI±XX somites, Mox2 expression in the medial part of dermomyotome is lower and remains high in its dorsomedial and ventrolateral lips (Fig. 2j ) in a similar way to Pax3 (Fig. 2k) . Expression of Mox2 and Pax1 in sclerotome (Fig. 2j,l) is highly overlapping but not identical.
In limb buds Mox2 signal is ®rst observed in stage 21 (Fig. 3a) . The expression of Pax3 is lower in this stage ( Fig. 3b ). Mox2 is expressed in migrating myoblasts from the dermomyotome to the limb (Fig. 3c,d ). In older embryos Mox2 signal is detected in pre-muscle masses (Fig. 3e,i ). In the anteroposterior axis it shows a rostral-to-caudal gradient ( Fig. 3f ). Pax3 is expressed more medially (Fig. 3j) and Pax1 in the shoulder (Fig. 3k) (Hofmann et al., 1998) . Expression of chick Mox2 in the ventral lip of dermomyotome, migrating myoblasts, pre-muscle masses in limb buds suggests that it may play a role in limb muscle development as has been shown for murine Mox2 (Mankoo et al., 1999) . In order to de®ne the proliferative state of Mox2 expressing cells we performed bromodeoxyuridine (BrdU) incorporation experiments. The vast majority of Mox2 expressing cells are BrdU-negative and therefore in a non-proliferative state (Fig. 3g,h ). This result agrees with data from rat Mox2, which is expressed in non-proliferating vascular smooth muscle cells (Gorski et al., 1993) . 
Differences between chick and mouse Mox2 expression patterns
As the chick embryo is an established system for studying somite and limb development, the similarities and differences between the chick and mouse are likely to be of signi®cant functional importance. We have compared the expression pattern of murine and avian Mox2 at equivalent stages of development during somite differentiation and limb morphogenesis. This comparison revealed interesting differences, described below.
In chick somites, Mox2 is detected in the sclerotome and in the dorsal and ventral lip of the dermomyotome (Fig. 2j) while mouse Mox2 is detected only in the sclerotome (Fig.   4a ). Chick Mox2 may be implicated in epaxial muscle development as it is expressed in the dorsomedial part of the dermomyotome which gives rise to epaxial musculature. In general, mouse Mox2 is detected only in mesenchymal and not in somitic epithelial cells, a pattern that is not observed in avian somites.
In developing chick limbs Mox2 shows the highest levels of expression in the anterior part (Fig. 3f) . In the medial part, expression is detected in zeugopod and some patches of expression in stylopod. There is no expression in the caudal part of the limb. In the chick limb, Mox2 expression is more extensive when compared to the mouse, where Mox2 shows high levels of expression in a restricted area anteriorly (Fig.  4b) . Mox2 transcripts are detected in the caudal part of the limb while the expression in the medial part is very low. In conclusion, our data may suggest a different role for Mox2 in myogenesis in chick and mouse.
Experimental procedures
Cloning of chick Mox2
A 174 bp fragment was obtained by PCR using chick genomic DNA and primers: 5 H -CAGGAAGGAAACTA- R, rostral; C, caudal; D, dorsal; V, ventral; P, proximal; d, distal; dm, dermomyotome; scl, sclerotome; vl, ventral lip . Scale bar in h: 45 mm. (Fig. 3f) , mouse Mox2 transcripts do not form a gradient in the limb. dm, dermomyotome; scl, sclerotome.
CAAGTC-3 H and 5 H -GTCTTTCAGTGAGGTCTAGATT-CAC-3 H , and used to screen a l ZAP cDNA library from stage 12±20 chick embryos. Two clones were obtained covering the entire coding region of chick Mox2 gene (accession number AJ401088).
Eggs and embryos
Fertilized eggs were incubated in a humidi®ed atmosphere at 388C. The embryos were staged by the number of somite pairs and according to Hamburger and Hamilton (1951) .
BrdU in ovo labelling and immunohistochemistry
Embryonic day 3.5 (E3.5) embryos were injected in the amnios with 200 ml of 10 mM BrdU (Amersham), and reincubated for another 20 min. The embryos were ®xed and processed for paraf®n sections. Immunohistochemistry with a monoclonal antibody against BrdU (Amersham) was performed according to Sechrist and Marcelle (1996) .
In situ hybridization
Full-length chick Mox2 cDNA was cloned in pBluescript KS (1/) (Stratagene). A 580 bp fragment, obtained by digestion with HindIII/SacI, was used as a probe for in situ hybridization. Chick Pax1 and Pax3 probes were kindly provided by Dr P. Gruss. Chick Myf5 and MyoD probes are described in Saitoh et al. (1993) ; Pourquie et al. (1996) , respectively. In situ hybridization was performed according to Bally-Cuif and Wassef (1997) ; Henrique et al. (1997) .
